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Abstract 

We consider a few ansatzs for the four and seven forms of 11-dimensional supergravity over 
AdSi x S 7 /Zk while try to keep the geometry unchanged. From the 4-form equations, we arrive 
at some massless scalars and pseudoscalars in the bulk of Euclidean AdS± that match with 
some boundary A + = 3 operators. Indeed, the main objects are instantons and domain walls 
as the fully and partially localized objects in the external space, respectively. The latter comes 
from an (anti)M5-brane wrapping partly around three internal directions similar to the fuzzy 
S 3 /Zk solutions. Except for the first solutions of adding some anti-M2-branes| (M2-branes) 
to the original M2-branes, the objects backreact on the geometry although small| (break all 
supersymmetries and destabilize the vacua). The dual 3-dimensional held theory solutions are 
got by the skew-whiffing 8 S —>■ 8 V and 8 S —* 8 C for the scalars and pseudoscalars respectively, 
while the gauge fields are used mainly for the k — 1,2 cases where the R-symmetry and 
supersymmetry are enhanced as SU(A) x 17(1) —» SO (8) and Af — 6 —> M — 8 respectively, 
and also for pseudoscalars. Further, for the pseudoscalars we propose a special boundary 
deformation, with a fermion held, that is equivalent to a multi-trace deformation already 
studied for the bulk m 2 = — 2 conformally coupled pseudoscalar. 
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1 Introduction 


In general, Af = 8 gauged supergravity in 4 dimensions is a consistent Kaluza-Klein reduction 
from 11 -dimensional ( 11 D) AT = 1 supergravity on S 7 [I] so that any solution to the low¬ 
dimensional equations of motion (EOMs) could be uplifted to the full high-dimensional ones. 
It is also discussed in |2j that, in this way, a finite numbers of states including massless 
graviton, gauge fields and matter fields (not necessarily massless) are always kept, and the 
simplest way to achieve a consistent truncation is to keep all singlet fields under a symmetry 
group and setting other nonsinglet ones to zero. By the way, here we consider the standard 
N M2-brane theory, by Aharony-Bergman-Jafferis-Maldacena (ABJM), on Z k orbifold of C 4 
that has the near horizon geometry of AdS± x S 7 jZ k with N units of the 4-form flux in the bulk 
of AdS 4 , and the legality limit of N k 5 (the weakly curved space). In the case, one often 
considers S 7 /Z k as a S l * /Z k Hopf-fibration on CP 3 , and when k increases the radius of the M- 
theory circle decreases and a better description is for N D2-branes of type IIA supergravity 
over AdS 4 x CP 3 with associated fluxes. The dual field theory is a 3d A7 = 6 conformal 
Chern-Simons-matter SU(N) k x SU(N)_ k gauge theory with a £77(4) R-symmetry and the 
matter fields transforming in bifundamental representations of the gauge group, where k is 
the Chern level |3j. For the cases k = 1,2 and N = 2 the R-symmetry and supersymmetry 
are enhanced to £0(8) and AT = 8 because of monopole operators respectively, which the 
latter is indeed the Bagger-Lambert-Gustavsson (BLG) model-Look, for instance, at [4] as a 
general reference. 

We have already studied some exacts solutions in M2/D2-branes theory as instances of 
nonperturbative effects in the gauge and gravity theories. Depending on how many spatial 
dimensions the objects have in the bulk, we call them instantons, monopoles or vortexes, 
strings, and so on. By instantons we mean fully localized objects in the external Euclidean 
space ( EAdS 4 here) with finite actions, which enter the tunneling processes among various 
vacua and have many important roles from particle physics up to early universe cosmological 
theories. In [5] we found an instanton agreeing to a bulk pseudoscalar with m 2 = —2 in 
anti-membrane theory; while in [ 6 ], and [7], an U( 1) (monopole-)instanton was surveyed. 
Next, in [ 8 ] and |ij, we included some (anti)D2- and (anti)D4-branes in the type IIA limit of 
the ABJM theory and fixed their boundary dual according to the AdS/CFT, specially state- 
operator, correspondence rules [ID]. We follow mainly the studies in the last two references 
in searching to find new localized objects in the M2-branes theory with new proposals. 

Here we add some new ansatzs for the 4- and 7-form field to the 11D supergravity (the so- 
called Freund-Rubin) ones of ABJM over AdS 4 x S 7 /Z k , without deforming the background 
geometry, 0 and find some fully or partially localized massless scalars and pseudoscalars in 

1 It is notable that we consider the branes as solutions to the supergravity EOMs with appropriate source 

terms, where these (always delta function) terms come from the coupling of the brane actions to the main 
supergravity action. In other words, one may write the full gravitational action as S = Ssugra + Sdbi + Sgs 
in which any fluctuation for the existing or embedded branes can be realized through the latter two terms. 

Our procedure is similar in that we are indeed working on the main Ssugra action and by adding some 
new terms to the background ones, the dynamics of the existing branes or that of the new included ones 
are surveyed. As long as the new ansatzs for the form fields, combined with the original ones, satisfy the 
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the bulk. The solutions may be interpreted as instantons, strings and domain walls, based on 
the spatial dimensions they have in the external space. In fact, our second included electric 
(anti)M2-brane wraps in just one internal direction while the third one wraps partly around 
three internal directions resulting in a string of monopole-instantons along the horizon. To 
find the corresponding boundary solutions, we should employ both gauge and matter (scalar 
and fermion) fields. In the procedure, we swap the representations for the gravitino of the 
original M2-branes theory, which is in turn performed by knowing that there are some triality 
transformations among three representations (8 S , 8 C , 8 V ) of the SO(8) internal isometry group. 
Actually, to find the dual scalars and pseudoscalars, we exchange 8 S —> 8 V and 8 S —* 8 C 
respectively, while the favorite singlet gauge held is in the original representation. For duals 
to the bulk scalars, we use just one boundary scalar and a dimension-3 operator with the 
same structure as the sextic scalar potential of the original boundary held theory, while for 
pseudoscalars we deforms the corresponding action with a suitable SU(4)r x C/(l)j,-singlet 
conformal-breaking operator made of just one fermion with the 17(1) gauge helds turned on. 
Meanwhile, the main ansatzs do not preserve conformal symmetry and any supersymmetry 
and also destabilize the vacua as we will describe briefly. 

The structure of the remaining parts of this note is as follows. In Section 2, we deal 
with the gravity side of the study. In subsection 2.1, we write the background materials 
including geometry, helds and equations of motion in our Euclidean notation. In the next 
three subsections, we present our ansatzs, solutions and some related issues while in the last 
2.5 subsection, we discuss on symmetries and supersymmetries that the solutions have. In 
Section 3, we go on the held theory side of the study. In three subsections there, we present 
plain dual boundary scalars, gauges helds and pseudoscalars to match with the bulk solutions 
with needed arguments. In Section 4, we discuss further on the solutions with relating them 
to the previous related studies and comment on supersymmetry breaking and instability 
because of the solutions. 


2 On Super-gravity Side 

2.1 The Background 

We use the metric of 11D supergravity over AdS^ x S 7 /Z k as 



R2 A q 2 , d2j„2 

as EAdS 4 ' n aS S 7 /Z k i 


( 2 . 1 ) 


where E in EAdS 4 is for Euclidean, R = R 7 = 2 Ra<is is the curvature radius of the 11D 


target-space, 


d s EAds 4 = —2 (du 2 + dXidXi ), i = 1,2,3, 


( 2 . 2 ) 


equations and identities of the main theory, the procedure is right and one may obtain consistent solutions. 
One should also note that although we try to keep the main geometry unchanged, because of the gravity 
coupled to the other involved fields, there are always some backreactions on the background geometry. 
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( 2 . 3 ) 


ds%/z k ~ ds 2 CP3 + j^(dip + ku) 2 , 


and 


ds 2 CP3 = d £ 2 + cos 2 £sm 2 £ ( dif + -cos9idpi — -cos 92 dp 2 


+ -cos 2 C,[d9l + sin 2 9idp \) + -^sin 2 ^{d9 2 + sin 2 92 dp?£) 


(2.4) 


is for CP 3 metric with the angles 0 < £ < 7t/2, 0 < 9 S < 7 r, 0 < yp s , p,*f < 2 n, s = 1, 2 , and 


a; = -((cos 2 £ — sin 2 f)df> + cos 2 fcosQ]dp \ + sin 2 C,cos9 2 dp 2 ) 


(2.5) 


is a topologically nontrivial 1-form related to the Kahler form J(= du) on CP 3 . Note that we 
are indeed using the case when one considers S 7 /Z k as a S 1 /Z k Hopf-fibration (with p = p/k 
as the S 1 fiber coordinate) on CP 3 . E Besides, for the future purposes, we define the frame 
1 -forms (vielbeins) 

e 1 = d£, e 2 = -cos^d9i, e 3 = -cosfsin9idpi, e 4 = -sinfd9 2 , e 5 = -sin£,sin 9 2 dp 2 , 
e 6 = cost/sint/id'if H— cos 2 fcos9idpi - cos9 2 dp 2 ) 1 e 7 = —(dp + ku) = e 7 

2 2 rC 

( 2 . 6 ) 


for the internal S 7 /Zk space. Meanwhile, for the corresponding 4-form field strength we use 


Gf = <i4f = = +iN£ it 


(2.7) 


where £4 is the unit-volume form on EAdS 4 , and to have N units of the 4-form flux on the 
quotient space, N = kN , which is in turn the number of the flux quanta on S 7 , and note also 
that the validity of the 11D supergravity approximation is when N k 5 . One should also 
note that (12.7p is actually the Euclicleanized version of the ABJM background [3] when we 
go form the almost positive Minkowskian signature to the fully positive Euclidean signature 
after the Wick rotation t —> +He, and that with just a minus sign therein we have the 
skew-whiffed background of the Minkowskian signature. 

On the other hand, the Euclideanized action of the 11D supergravity, with our formalism 
as S Mmkoskl —>■ iS E , reads 




d u x i/gP + 


1 

2 


^(jT4 A *(jr4 


-A 3 a G 4 a G 



( 2 . 8 ) 


2 We remind that fc, as the Chern level in the filed theory side, is the orbifold parameter labeling various 

Zk quotients. In fact, with four complex coordinates y A (A = 1, 2, 3,4) for the transverse space to M2-branes, 

the Z k quotient acts as y A = y A . Specially, for k = 1, 2, the theory describes M2-branes in flat R 8 space 

and probing an R 8 /Z k singularity respectively and that with increasing k, just the CP 3 space remains. Here 

we use a general k in our analyses and computations of solutions, charges and actions. 
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with G 4 = dAs, the Hodge-dual * with respect to the full 11D metric, and k 2 u = 87 tQh = 
■^(27r/ p ) 9 , where Qu, Kn and l p are the 11D Newton’s constant, gravitational constant and 
Plank length, respectively. From the action, the EOM for A 3 reads 


d * G 4 — -G 4 A G 4 = 0, 


(2.9) 


and the Bianchi identity is dG 4 = 0. Moreover, from the metric variation, we get 


R-mn ~ — 9 mnR — 87 tQuTmn, 


( 2 . 10 ) 


in which 


rpG 4 _ 

1 MN ~ 


6 


ri (~iPQR ^ s-i /-iPQRS 

t’MPQR'^N — T;9MN' J PQRS'^’ 


( 2 . 11 ) 


where we use the capital indices M,N ,... for the 11D space-time directions. 

Further, to evaluate the electric (page) and magnetic (topological) charges associated with 
M2-branes and M5-branes respectively, we use 


Qe = 


V2, 


K 


11 


( * G 4 + -A3 A G 4 ) - 


G 7, Qrri — 


K 


11 


y/2, 


Ga. 


K 


( 2 . 12 ) 
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2.2 The First Ansatzs and Solutions 


The first sets of ansatzs, already used for the 4-form of type IIA supergravity over AdS 4 x CP 3 
in [9] as well, here are 

G^ = 7<i(/i -1 ) A dx A dy A dz, (2-13) 


r 4 — ou,yJ 1 

of = idf 2 /\Af ) +if 2 G { °\ 


(2.14) 


with i factor because of being in Euclidean space, and f\, .f 2 , ■■■ are some (pseudo)scalar 
functions in the bulk of EAdS 4 -They are real here in that come from the external components 
of Amnp • The Bianchi identity is valid for the ansatzs trivially; and from the first term of 
Eq. (12.91) , d(* 4 G 4 s ' ) ) = 0, we simply obtain 


d 2 fi(u) 


du 2 fi ( u ) v du 


dPAf+PAA = 0 => fl (u) = 


3w 3 


u du 


ci — 3 c 2 u 3 


d * 4 (d/ 2 A A ( 3 °) + G-df = 0 
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d 2 f 2 (u) 2 df 2 (u) 


= 0 f 2 (u) = c 3 + c 4 u 3 


(2.15) 


(2.16) 


R J du 2 u du 

where c 4 , c 2 ,... are some bulk constants with physical meaning and we have used the distribu¬ 
tive property of the Hodge-star because of the diagonal metric, and also the conventions 


V9 = VPis/^= (jYr 7 = r 


11 


16 ’ 


£4 = —dx A dy A dz A du , 
w 4 


p _ 16 

* i£l ~ w 




(2.17) 


£7 ~ 


8.3! 


J 3 A e7, 
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with e-i as the seventh vielbein that we defined it in (I2.6H . 

Now, with the fact that in the ABJM M2-branes theory [3J 

(2.i8) 

the M-branes electric charges, in the unit internal S 7 /Zj i volume, based one the solutions 
(I2.15P and (I2.16p from (I2.12p read 


! 3ci / 3 k 3 2 9c 3 / 3 k 3 

e = AVARS’ Qe = 8^V 2R 11 ’ 


(2.19) 


respectively. Similarly, the corresponding magnetic charges, in the unit external EAdS± 
volume, can be easily evaluated which are equal to the same electric charges in the unit- 
volume of the internal 7D space. 

Next, by plugging G 4 = G ( f } + G X> into the action (12.8p and noting that the Chern- 
Simons term vanishes in the case, for the corrections to the background action, in the unit 
11D volume, we obtain 


Q / Qt-3 

Sm.1,2 = ^5 V ( 64<? 1 2 ± 48<? 1 + 9). (2.20) 

with ci = GR 3 based on the solution (12.15H and with c 3 = |ci based on the solution (I2.16p . 
Now, one should note that with the upper (+) sign and cf — |, we are indeed adding some 
M2-branes with the same properties as the original N M2-branes, while for the lower (—) 
sign and the same cf, corresponding to the skew-whiffing, or anti-M2-branes added on the 
original M2-branes, the action value vanishes (something like pair annihilations!). 

Further, for the backreactiou issue, we note that the ansatzs (of the Freund-Rubin type) 
have the same structure as the background one (12.71) and so with 

G^ otX> = +4 r 3 £ 4 + i Cl £ 4 , G 4 ° t,2) = +4^ 3 ^4 + 4r 3 g 3 S 4 , (2.21) 

O OO 

based on the corresponding solutions, the condition to have a zero correction to the back¬ 
ground energy-momentum tensor comes from vanishing the second sentence of (12.lip , which 
is in turn proportional with G XtX A *G Xt "‘ ,) = 0, with the result 

( C ' ~i R ’ =► G[ s) = ~ijR 3 £ 4 , ( 2 . 22 ) 

1 c 3 = -2, 

that means, to avoid backreactions, we must add the special anti-M2-branes to the original 
M2-branes and conversely. § 

3 Note is required that one could also think of the solutions as some fluctuations on top of the original 
background one or its skew-whiffed version and then, to elude the backreactions one have to consider the 
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2.3 The Second Ansatz and Solution 

The next new ansatz we employ reads 

= i(*4df 3 ) A dip => *Gf ] = Gf } = -idf 3 A {* 7 d<p), (2.23) 

/o\ 

with a note that G\ ; may be associated to an electric (anti)M2-brane wrapping one internal 
and two external directions, while the G^ may be associated to its dual (anti)M5-brane 
wrapping the other six internal directions and so, resulting in a pseudoscalar. From the 
EOM (12.91) . we obtain 

*4 d(* 4 df 3 ) = d ] df 3 = g ,W d 0 f 3 ) = 0, (2.24) 

y/fh 

where /i, u ,... are for the bulk indices, with the solution (look at [ 11 ] for a derivation) 

CqU 3 

/ 3 (m,m;0,m 0 ) = c 5 + —(2.25) 

[u z + (U — Mo) J 

which is a propagator from the boundary to the bulk. 

To evaluate the associated charges, we use 

/* = -&■ (226 > 

evaluated based on the solution (12.25ft . where to have finite integrals we set = e ^ 0. 
Therefore, the magnetic charge from ( 12 . 1 21 ) with (12.231) and (j2.26j) reads 


ns = 3 c 6 [W 

^ m 256vr 3 e 3 V 2 f ? 5 ’ 


(2.27) 


for the finite part. But for the associated electric charge, we need to evaluate * 7 dip. So, for 
simplicity, by writing the 1-form uj in (12.51) in the orthogonal frame, making use of e 7 in (12.61) , 
and noting that 

*7 e“ = ^ eV .,7 e b Ae c A ... A e 7 , £1234567 = +1, e“ = e a m dx m , (2.28) 

where a,b, ... and m, n,... stand for the tangent and space-time internal 7D indices respec¬ 
tively, and £mn... 7 is the antisymmetric Levi-Civita tensor, we arrive at 


Q 


3 

e 


Cg 4 — k I k 3 
384tt 6 e 3 V ^ 


(2.29) 


as the finite part of the charge, with k — 1 for the 0 integration. 

The correction to the original action can also be calculated with the ansatz (12.231) with 

condition (12.221) just reached on the solutions. 
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(12.81) . by evaluating the external and internal components separately. For the external com¬ 
ponent, we get 

91 77 - 2 ^2 

rf/sAM/3 = i^i i R2 ' (2 - 30) 

which is the hnite contribution with 6 ^ 0 as the lower limit of the u integration and con¬ 
sidering the boundary as a 3-shpere at infinity, S^. Further, for the external component, 
with 


I EAdS 4 


dip A * 7 dip = ( 1 + 


-——— + (cost, - cotOi ) 2 + ( sinC,cot0 2 H— cot^cot0 2 )' 

4st yi c" 2 2 


£■ 


7i 


(2.31) 


and f J 3 A e 7 = (27r) 4 //c, the hnite contribution that we get reads 

3fc7T 4 


/ dip A * 7 dip = 

Jsi/z k 4 

Therefore, the whole correction to the action becomes 


-R° 


(2.32) 


s£. s ^ -0.002 -^-VWw, 


(2.33) 


that is a very small contribution for hnite k and R. 

Besides, to handle the backreaction on the geometry because of the solution, one should 
note that with 


Q(tot. 3 ) 


= iN£i + i(*±dfz) A dip ■ 

G (tot.3) _ ^ 3 ^ 

^ ^ MNPQ ~ 1 g t/iispa 


1 ^{tot. 3 ) 
MNPQ 

.R 2 


dX MNPQ , 


-r( £ pup d x f 3 ), 


(2.34) 


the excess to the main contribution can be evaluated from (12.1 IF which does not vanish, 
except in leading order of the solution expansion, for both internal and external components 
because of d (/ 3 * 4 df 3 ) ^ 0 . 0 

4 It is remarkable that we may be able to ignore the backreactions because of the second (and the third) 
solution according to already known facts in similar situations. The first is that as long as we are interested in 
studying the solution behaviours near the boundary and correlation functions of the dual boundary operator 
for the active (pseudo)scalar, and the gravity-scalar equations decouple near the boundary, we can study the 
scalar equations in the fixed geometric background by refraining from the backreactions j!2j . The second is 
the arguments in m that for the fields corresponding to the marginal operators, the leading backreaction is 
in u 2 order and so is negligible as«-> 0-Indeed by doing a Taylor’s series expansion of the solution (12.251) 
around u = 0, the first nontrivial-nonzero term is the second derivative one (proportional with u 2 ). Finally, If 
one looks at the associated charges and action corrections evaluated on the solutions (see, for instance (12.331) 

and (12.421) ). he/she clearly see that in the 11D supergravity legality limit, N k 5 , the object charges and 
their contributions to the actions are very small in the so-called probe approximations. 


















2.4 The Third Ansatz and Solution 

The third new ansatz we employ reads 

G = idf A A 4 0) A J A e 7 + if 4 G ( 4 0) J A e 7 - if 4 A J 2 , (2.35) 


which couples to an electric (anti)M5-brane wrapping some directions (according to the 
ansatz’s structure) of the 11D space- We discuss the reason why we call the associated ob¬ 
jects M-branes or anti-M-branes at the first footnote in section HJ From the Bianchi identity 
we obtain 


d 2 f 4 (u) 


2 df 4 (u) 
u 


-J 4 (u) = 0, 


du 2 u du 16u 2 ‘ 
where, in obtaining the equation, we have used the conventions 


(2.36) 


with the solution 


*7 (J A e 7 ) — 2 R J 2 , * 7 J~ — — J A e 7 , 


/ 4 («) = C g l^ 7 + C g + 


(2.37) 

(2.38) 


as a pseudoscalar, in which the powers are actually A_ = 0 + 6 A, A + = 3 + 5 A with 
6 A = 0.0273, respectively. Although this solution is almost identical with the other ones 
here, an interesting point is that as approaching the boundary, u —> 0, the solution grows. 
This means that with A + > 3, one may propose a marginally irrelevant deformation for the 
boundary field theory. Still, with G 4 = Gf ' 1 + , the second term of the A 3 field equation 

(12. 9 p is satisfied just with the condition 


dfa(u) 

du 


-fa(u) = 0 f 4 (u) = CgU 3 . 

u 


(2.39) 


The electric charge based on the last solution (I2.39p . in the unit internal 7D volume, is 


Q 


4 

e 


3cg I 3 k 5 

647T® V 2 R U ’ 


(2.40) 


with a 3-sphere of the radius Rj 2 to simulate three boundary coordinates, and Vol(CP 3 >< 
S 1 /Z k ) = while the magnetic charge reads 



ifL./AW 

16V V 2 R 23 


(2.41) 


with the upper limit 00 = A (= R/2 may be taken) for the u integration. 

With the same conventions to evaluate the charges, the correction to the action from 
(12.81) . (I2.35P and (12. 391) . in the unit internal 7D volume, becomes 


nE _ 

°M. 4 — 


JL.AIa 3 

128vr 4 V R u 


(2.42) 
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One may note to the reverse sign of the charges and action in the case, with respect to 
the original one. This means that we are allowed to interpret the case as anti-M5-branes 
wrapping some internal and external directions to produce the objects along the u direction; 
indeed a string of the monopole-instantons are in some parallel planes orthogonal to the u 
direction, say «_>.oo = A. 

For the backreaction issue, similar to the second solution, we note that 


/—*( tot-4 ) _ s~i(0) , ^r(4) 

^ MNPQ ^ pupa ' ^ /imnip 


Npa ^ dph Jmm 


(2.43) 


and so, one can check by (12.lip that the corrections to the energy-momentum tensor, for 
both internal and external components, do not vanish and then, due to this backreaction, we 
cannot simply uplift the 4D solution to a complete 11D one. 


2.5 Symmetries and Duality 

We first note that from analyzing the solutions near boundary, as f(u,u ) ~ a{u) u A ~ + 
/3(u) u A+ , see that we have indeed the massless (pseudo)scalars that couple to the conformal 
operators A T = 0, 3. The normalizable bulk mode is equivalent to the operator A + = 3 and 
Dirichlet boundary condition 8 a = 0, where the source a couples to the boundary operator 
in this usual CFT (TO] . In the case, we have the following dictionary 


Son [a] = -W[a], 
S S + W, 


5<o 3 (s)) 



8W[a{u)} 

8a(u) 


P(u), 


' 3 u a(u ) 0 3 (u), 


(2.44) 


where S on and W stand for the bulk on-shell action and boundary generating functional 
respectively, given that the source is a delta function 8 3 (u — uq) near the boundary. 

The next point is about the conformal 50 (4,1) transformation xy —> ,J ^ r 2 with r = 
\JxiX l , which maps a point at inhnity to origin. The compact space is now S 3 x S 7 /Zk and in 
general the associated brane-directions are reversed by the map. The background 4-form flux 
dm and the hrst ansatzs (12.13112.1411 . just changes a sign under the transformation, which is 
indeed a skew-whiffing that changes M2-branes to anti-M2-branes. So, the solutions transform 
into one like (12.251) . But, the second and third anstazs (12.23112.35(1 are not invariant and do 
not change just a sign under the transformation. In other words, while the Laplacian (I2.24p is 
an invariant by the map, the equation (12.36(1 is not and so the matching solution (12.39(1 does 
not give much information about the space structure. Meanwhile, the pseudoscalar solution 
from the third ansatz (12.35(1 . not corresponding to an exactly marginal operator, may break 
the isometry of EAdS 4 slightly. 

We now deal with isometry and supersymmetry issue of the solutions. The hrst ansatzs 
are indeed singlet under the original 50(8) and SU (4) isometry groups and are neutral for 
0(1). The second and third ansatzs are also 50(4) x 0(1) invariant in that both J and ej 
are singlet under the latter group. Also, we note that after Z orbifolding, by increasing k 


10 
























and indeed with k > 3, the isometry group becomes that of CP 3 and the supersymmetry 
becomes Af = 6 . Then, for k — 1,2 the internal space isometry is increased to 50(8) and 
supersymmetry to A7 = 8 due to monopole operators [3] and so, our dual solutions should 
also respect them. 

The main supersymmetry is preserved when we add M2-branes in the same directions with 
the original ones. But by the skew-whiffing or parity transforming on the original solution, 
or equivalently introducing the anti-M2-branes associated with the conformally transforming 
the ansatzs (12.131 l2T4lh the supersymmetry is completely broken by the scalars. The second 
and third solutions also break all supersymmetries. Indeed, for the second ansatz (I2.23K . 
the number of relative transverse directions between the associated (anti)M2(M5)-brane and 
the original M2-branes is 2(6)- known as non-threshold BPS bound-states in [15]- and so, 
the pseudoscalar there breaks all supersymmetries. The third ansatz (I2.35p . the 7-form field, 
contains three terms and the associated (anti)M5-brane can indeed wrap around various 
directions depended on the terms selected in the u> and J and so, its pseudoscalar breaks all 
supersymmetries as well, and the same for its electric dual (anti)M2-brane. 

Therefore, based on the symmetries and the objects we found in the bulk, we should 
adjust or deform the dual hied theory to find the best matching operators and solutions, as 
we do in the next section with three boundary duals. 

3 On Conformal-Field Theory Side 

3.1 Dual Scalars 

From the first ansatzs, we have real scalars in the bulk of EAdS 4 because of the form held 
A xyz and so, on the boundary theory we expect to have the same objects. On the other hand, 
we remember that the massless scalars are in the representation 35„ = 15 0 © IO 2 © 10_ 2 
of 50(8) —> 5f/(4) x 0(1) from the original theory [3], and the pseudoscalars are in 35 c = 
15o © 10 2 © IO 2 representation [T 6 ]. That is when the gravitons, fermions and scalars are 
in the representations 8 S = 1 2 © 1-2 © 60 , 8 C = 4_i © 4i and 8„ = 4 4 © 4_i, respectively. I 11 
the case we have J\f = 8 supersymmetry which in turn breaks into Af = 6 when considering 
S 7 /Z k as a S 1 /Z k hberation on CP 3 for a generic k ^ 1,2. 

Now, for the scalars from the M2-branes in the same directions with the original ones and 
the solution like (I2.16p . the best A + = 3 50(4) x 0(l)-singlet (and also 50(8) invariant [14]) 
agreeing operator has the same structure with the scalar potential of the model, which could 
simply be O 3 = tr (Y a Y\Y b Y^Y c Y^) , where Y A (A = 1, 2, 3,4) are the four complex scalars 
of the ABJM model that transform in the bifundamental representation 4\ of 50(4)/j x 0(1)&, 
with the b index for the baryonic symmetry. Now with Y A — Y\ — ^I NxN , where InxN is 
the unitary matrix and ■■■ are some boundary constants, for the real boundary scalars 

we have the trivial result 

(Os)c 3 = 64&! = 3c 4 . (3.1) 

On the other hand, for the conformally transformed (skew-whiffed) case, where the 
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solution is like (12.25H . the supersymmetry is broken completely. This situation is han¬ 
dled by an exchange of the representations as 8 S —y 8 V and so the scalars now set in 
35„ —> 35 s = 1 0 © I4 © I-4 © 6 2 © 6-2 © 20 0 , while the pseudoscalars remain in 35 c . 
In the case we have the wished singlet lo scalar in the spectrum. In other words, we can 
break up the eight scalars as X 1 — > ( y n , y, y) with /, J... = (1, ... 6 , 7, 8) = (n , 7, 8), y = y 7 +iy s 
and = y. Then one can simply construct the desired operator. Starting from a rank-2 
symmetric traceless BPS operator composed of the scalars X 1 , we arrive at the operator 

Ox = ^tr(yy), (3.2) 

which is singlet under SO(8) and SU(A ) x T/(1)-We also note that one could consider the 
singlet dimension -1 non-BPS Konishi operator 0\ = tr(Y A Y^) to do the same job. 

Next, if we make the antisymmetrized expansion of the bosonic potential, which has the 
operator structure 

0 3 a = tr{X^X)X K ^X\ K X J X J,), (3.3) 

and set y n = 0, see that it vanishes. Further, by setting the gauge fields and Ai and 
the fermion fields to zero, and deforming the remaining part of the original Lagrangian, 
according to (12.441) with 0 3a = Of, we have 

Q/°q 

Cdef. = ~tr{d.iyd l y ) - -^tr{yyf, (3.4) 

for the skew-whiffed solution of (I2.16p . Then, from the EOM of the Lagrangian and setting 


M r ) T 

y — i^-Inxn, 


(3.5) 


where the convention for the matrix-valued fields in the large N limit are form in. we get 


h{r) = 


1/2 / 647V 2 f b 2 


27c 3 \b\ + r 2 

and the value of the action based on the solution reads 


1/2 


? _ _8 /A ^ 

^ def.l r\ \ I o ^ 1 


9 V 3c 3 


where we have used the integrations 


p0 ° bo r 4 , 3vr 


dr = 


,°° b 3 r 2 


1 0 K u 2 


+ r 2 ) 3 16’ 


'0 ©2 


_|_ r 2^3 


dr = 


7T 

16' 


(3.6) 


(3.7) 


(3,8) 


Now, as a preliminary benchmark, one can simply see that the one-point function of the 
operator 0 3a for the solution (13. 6 p fits with (3 ~ ^ from the skew-whiffing of (I2.16p . according 
to (I2.44p ; so the dual constants adjust as well. 
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3.2 Agreeing Gauge fields 

The gauge fields in all gravitino representations transform as 28 —» lo © 62 © 6__2 © 15o when 
50(8) —y 517(4) x 17(1). On the other hand, we note that for k — 1,2 the latter symmetry 
with Af = 6 is enhanced to the former with AT = 8 , which is the case valid with two M 2 - 
branes and the gauge group 517(2) x 517(2) of BLG as well [4]. In addition, one should also 
note that although the gauge fields and the scalar potentials are universal in both ABJM 
and BLG models |18j, [14] , to fit the bulk pseudoscalars on the boundary, the best way is to 
use the boundary gauge fields or deforming the original theory by fermions that we made a 
sample in | 8 ] and make another in the next subsection 13.31 

Meanwhile, we remind that the second and third ansatzs (12.231 I2.35[) do not preserve 
conformal symmetry (violate parity invariance), or according to the novel Higgs mechanism 
[15] . related to the discussion in the previous subsection (13.11) too, the original quiver gauge 
group breaks down into one SU(N) [3j. Another interesting reason here is that at least for 
the third ansatz, it seems that we may consider the associated (anti)M5-brane, whose world- 
volume wraps around three internal directions (like S 3 /Z k as in ABJ) and the other three are 
parallel to those of the original M2-branes, as fractional (anti)M2-branes [20]. In the latter 
case with two fractional (anti)M2-branes, the gauge group SU(N + 2) k x SU(N)_ k could be 
broken into SU(N) k x SU(N)_ k x 517(2) and then, one could keep the main quiver group as 
spectator and consider the SU ( 2 ) part in action. 

Anyway, we set all scalars, fermions and the gauge field A; to zero, in the main M2-brane 
action-see for instance [ 21 ] and PP for the notation-and so 

o zp / 9? \ 

C cs = — £ ijk tr UidjA, + —AiAjAkJ , (3.9) 


with i factor because of being in the Euclidean space, and that F %3 = 0 here so that A 
behaves like a pure gauge at infinity. To this end, we use the singular gauge 


Ai = 


u 


u 2 + r 2 


9 , g = 


(ul 2 - iXiCr 1 ) 
\7u 2 + r 2 


(3.10) 


with g as an element of 517(2) for our purpose. Therefore, the value of the action reads 
Sdef .2 = 2/c7t, where we have used 


'SL 


tr{A 3 ) = 247T 2 , F = dA + iA A A, 


(3.11) 


with a note that the pseudoscalar solutions of the Yang-Mills equations were first studied in 
J. Now, the interesting point is that the singlet dimension-3 operator has a structure like 


Ozb ~ tr{A A F) 


u 


(3.12) 


(u 2 + r 2 ) 3 ’ 

whose expectation value next to the boundary is (0 3 b) C5 ~ with respect to the bulk 
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solution (12.251) and the standard dictionary (l2.44p -For more details look at [9], and also |2_3] 
for a similar study on D-instantons in type IIB supergravity over AdS 5 x S 5 . 


3.3 Dual Pseudoscalars 

Beside the gauge fields to comply with the bulk pseudoscalars, one may search for boundary 
pseudoscalars to form the dimension-3 SU(A ) x [/(l)-singlet operator. To handle this issue, 
we note that the pseudoscalars are in the 35 c = 15 0 © 10 _ 2 © 10 2 representation of the 
original theory. But, by skew-whiffing 8 S — > 8 C , while the scalars remain in 8„ unchanged, 
the pseudoscalars sit in 35 c —> 35 s = 1 0 © I 4 © 1_4 © 6 2 © 6_ 2 © 20 0 including the wanted 
singlet bulk pseudoscalars, f 3 and / 4 from the second and third ansatzs, and attention that 
the supersymmetry is broken completely. 

Then, for the suiting boundary operator, we first used O 3 = tr(Y aV^^C’b) with Ca for 
the fermions transforming as 4_i of SU(4:)r x U(l)b [8]. @ Now, we take C as the singlet 1 2 
spinor held in the new 8 C and 

0 3c = (tr(^)) 3/2 , (3.13) 

as the suitable singlet A + = 3 operator. Next, one can see that to get a matching solution 
from the held equations, we need to also keep the gauge helds while set the scalars to zero. 
So, the deformed action, according to (I2.44p . reads 


Sdef.3 = I d 3 u tr <J C c s + C cs ~ tr(C^Y D iC) - y (tr(CC)) 


j, \ 3/2 


(3.14) 


where Ccs is that in (13.9p with exchanging A with A, and note that DiC = diC + iA i C> — iC , ^i- 
The held equations so become 


ifDiC - ^ (tr(CC)) 1/2 C> = 0, (3.15) 

q lc _ 1 jb A _ 

— s ijk F jk + CYC = 0, —e ijk F jk + CYC = 0. (3.16) 

47r 47T 

5 a . . 

Then, to hnd a clear solution, we set Ct = ec l u i va l en f to concentrating on the 

U( 1) x f/(l) part of the full gauge group. On the other hand, by setting Af = (A t ± hj), one 
can write 

n l/‘ _ 

to**** = -*&+’ F » = °- (3 - 17) 

with a note that the ABJM matter helds are neutral to Af while A~ works as the baryonic 
symmetry and so, setting A~ = 0 means searching for a self-interacting spinor held. 

5 Why we are considering these special boundary operators to adjust the bulk states with, comes mainly 
from the precession spectroscopy of the involved theories; look for instance at [24] and [25]. In addition, scalars 
in the bulk should usually be adjusted with the boundary operators formed from the boundary scalars. The 
bulk pseudoscalars could be adjusted with the gauge fields (pseudo-particles as stated in [22]) and, according 
to resultant boundary theory and its broken symmetries, fermions can also come into the play. 
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Now, by taking a similar ansatz as that in [5] and [8j for solving the 0 equation, we arrive 


at 


0 = 


6b 3 y/N (b 3 + i(x - XoY'yi) 

°5 ( b 2 3 + (x - xo)i(x - x 0 y ) 3/2 V 0 ) 


(3.18) 


where the use is made of 7 * = (cr 2 , eq, 0 - 3 ) as the Euclidean gamma matrices. The finite value 
of the action (13. 14j) on the solution (j3. 18j) . and with help from (13.151) . now reads 


Sdef.3 = 77 / d 3 u (tr( 00 ))' v ^ = 


t^n3/2 


36 bl 


d 3 u 


97r 2 


6 


4 ./ 0 (bl + (S- S 0 ) 2 ) 3 c| * 3 ’ 


(3.19) 


that signals the instanton nature of the solution. 

Meanwhile, to evaluate the net magnetic charge for the A + held, we write 


487 rib 3 N (2xb 3) —2yb 3 , —(63 + r 2 )) =>- $ = (h B.ds = 0, 


m — — 

2 jk kcl(bl + r 2 ) 3 

with s for S pointing out that the solution (I3.18P in indeed SU(A) R x f/(l)b-singlet. 
The primary test for the correctness of the dual solution comes from 


(3.20) 


(^3c)c 5 ~ (^3 + {u — Wo) 2 ) , 


(3.21) 


which is proportional with f3(u ) according to (12.25ji and (I2.44K and so, one can simply connect 
the constants c 3 ,b 3j and C 6 together. 

An interesting point is that the single-trace deformation here is equivalent to the multi¬ 
trace deformation in [5] with similar solutions. In fact, there we found a conformally coupled 
m 2 = —2 pseudoscalar in the bulk of Euclidean AdSh, where the resultant equation was cubic 
in the held and conformally equivalent to a massless pseudoscalar in the hat space. A sign of 
agreement comes from the used ansatzs, where the third ansatz here, associated with a new 
included (anti)M2-brane, has almost the same structure M 3 ~ (/J A ey) as the predecessors. 
As a result, one may connect the parameters of both sides and do parallel discussions on 
some aspects such as supersymmetry breaking by the special multi-trace deformations and 
instability because of the solution, as discussed in |2Bj as well. 


4 Discussions and Comments 

In this paper, we have introduced some form helds coupled to (anti)M2- and (anti)M5-branes 
of 11-dimensional supergravity over AdS^ x S 1 jZ^. From them we earned some massless 
scalars and pseudoscalars in the bulk and tried to find the counterpart dimension-3 operators 
on the boundary from the scalars, fermions and gauge helds of the standard M2-branes 
Lagrangian. For the bulk scalars, to avoid the backreactions, we made a special parity 
transformation equivalent to adding some anti-M2-branes to the directions-reversed (skew- 
whiffed) background M2-branes or vice versa, and then the dual S'O(S) and SU(4:) x 17(1) 
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singlet scalars were found from the sextic scalar potential of the Lagrangian. The bulk 
pseudoscalars, associated with some special (anti)M2- and (anti)M5-branes, 0 backreact on 
the geometry and their dual boundary solutions were made from the agreeing £77(2) gauge 
fields and a special deformation by a singlet fermion held of anti-M2-branes (skew-whiffed) 
theory. In the following lines we comment on some other related issues. 

The second and third ansatzs have a few interesting features. From the second ansatz 
(12.231) . we have an (anti)M5-brane wrapping all internal CP 3 space resulting in a fully local¬ 
ized object in the bulk of EAdS 4 that we call it instanton ; while its dual electric (anti)M2- 
brane has two tangent directions on the external space and may be associated with a string. 
For the (anti)M5-brane from the third ansatz (12.350 . one can immediately see that it can 
have three tangent directions on the external space and so, the solutions may be considered 
as domain walls ; while its dual electric (anti)M2-brane could wrap around CP 1 x S 1 /Zk 
resulting in a string of monopole-instantons along the u direction. 

Another point is on supersymmetry breaking by the solutions. Although for the first 
ansatz the skew-whiffing breaks all supersymmetries expect for S 6 7 , the second and third so¬ 
lutions break all supersymmetries originally in that the associated M-branes wrap around 
some mixed internal directions. But, one can still consider some special internal directions 
for the M-branes to be wrapped on with preserving some supersymmetries. A well-known 
example with Minkowskian signature, related to the third ansatz, is the so-called fuzzy 3- 
sphere funnel type solutions. Indeed, in [27] the vacua of a probe M5-brane with the topology 
R 1,2 x S' 3 , which has three directions in common with the background M2-branes, are investi¬ 
gated. There are domain walls interpolating among the vacua in the model. Next, it is shown 
in that, from BPS and non-BPS equations of the ABJM action, one can have equations 
equivalent to Basu-Harvey equations describing bound-states of M2-M5 brane systems with 
preserving some or breaking all supersymmetries 0. These points are further investigated in 
[29] . where the Basu-Harvey type equations describe N M2-branes ending on a M5-brane 
wrapping a fuzzy S 3 /Zp . It is also shown that the Nahm equation , describing N D2-branes 
ending on a D4-brane wrapping a S 2 ~ CP 1 , comes from the large k limit of the former 
equations. This fact is also related to the idea of the fractional M2/D2-branes presented in 
the ABJ study [ 20] . 

The instability of the solutions is verified by a few reasons. First, one should note that 
the marginal operators corresponding to the massless bulk fields and nonsupersymmetric 
solutions destabilize the vacua although in general quantum corrections should be taken 
into account. Forming brane-antibrane pairs, and multi-trace deformations destabilize the 
vacua 113, m as well. In addition, and more relevant to the case, it is argued in [30] that 

6 To clarify more and hint the point why we mention both branes and anti-branes, we note that from the 
second and third ansatzs we have indeed singlet (under the internal isometry group) pseudoscalars in the bulk. 
Therefore, we may think of the ansatzs as associated with some probe anti-M-branes added on the original 
(M2-branes) background or as some probe M-branes added to the skew-whiffed (anti-M2-branes) background 
and then, the resultant theory is for anti-M2-branes. As a result, and to explain the bulk states, we are forced 
(indeed the best way is) to do skew-whiffing (fulfilled by some swaping of the 50(8) —> 517(4) x 17(1) group 
representations) on the boundary with breaking all supersymmetries. 

'An earlier and similar study with BLG model is done in [28]. 
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nonsupersymmetric Chern-Simons theories with C 4 jZ^ orbifold singularities are unstable, 
especially when one considers the quotient space as a S 1 Kaluza-Klein compactihcation on 
the weighted CP 3 . In other words, according to [31], the global singlet marginal operators can 
disturb the conformal fixed points in nonsupersymmetric theories when there are of course 
orbifold spaces or some skew-whiffing, which is valid here too. Then, the tunneling decay of 
these spaces into a bubble of nothing [32] is because of a shrinking circle. This is mainly a 
case with our second anstaz, of (12.231) . where the fiber coordinate is indeed for the KK 
S 1 /Zk that wrapping around it causes nonsupersymmetric instability. It is also mentionable 
that from (12.291) . one clearly see that for k = 4 the associated electric charge vanishes and 
for k > 4 its sign changes, signaling instability. 

Another remarkable point is that as we know that 10D type IIA supergravity is always 
considered as a dimensional reduction of the 11D supergravity and so, one expects that all 
solutions in the latter case have counterparts for the former. Indeed, it is known that D2- and 
NS5-branes on one side and F 1-string and D4-branes on the other side come from direct- and 
double-dimensional reductions of M2- and M5-branes, respectively [33], [33] (next to the novel 
Higgs mechanism surveyed in [19] to relate M2- and D2-branes). Therefore, checking the issue 
with the ansatzs here, and whether one may learn something about the 11D supermembrane 
theory from them, will be interesting. On the other hand, it will be fascinating to investigate 
instability of M-branes (having continuous spectrums) starting from the original work in [35] 
using their dual formulation in terms of D-branes- An interesting work in this phase for the 
ABJM model is done in [ 36] . 

Finally, in addition to the references quoted sofar on (mainly nonperturbative) studies in 
framework of AdS4/CFT3 correspondence, here is a good place to mention some other related 
and recent works. For a study on various partially localized objects (monopoles, vortices, 
Q-balls and so on) in the ABJM model, look at [3?J and references therein, and see [38] 
for studying the type IIB T-dual of the extended objects in the correspondence. To study 
localization techniques in supergravity in the current duality and context look at [39], and 
see [ID] for a study of adding M5-branes in AdS^ x Q 1,1,1 space-times and also look at [4T] 
for an overview of exact (intersecting) solutions in M-theory. Some nonperturbative effects 
in M-theory (including Fermi gas approach and instanton corrections) are discussed in [42] 
and references therein and similar exact results in = 8 Chern-Simon-matter theories are 
found in [43] based on localization techniques. The investigating of Wilson loops in ABJM 
model are done in [44] and references therein, and a recent study on flux, conductivity and 
(fractional) quantum Hall states in the model is done in [45 ]. 
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